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Abstract 
$FRPSDFW.*LIIRUG0F0DKRQ*0FU\RFRROHUKDVEHHQGHYHORSHGIRUFRROLQJHOHFWURQLFGHYLFHVVXFKDV6XSHUFRQGXFWLQJ
6LQJOH 3KRWR 'HWHFWRUV 663' 7KH KHDW H[FKDQJHUV UHJHQHUDWRUV DUH RSWLPL]HG ZLWK WKH QXPHULFDO VLPXODWLRQ PHWKRG
GHYHORSHGIRU.*0FU\RFRROHUV$IWHURSWLPL]LQJWKHF\OLQGHUOHQJWKLVUHGXFHGE\PPFRPSDUHGZLWKDFRPPHUFLDO:
.*0FU\RFRROHU:LWKQRORDGRQWKHVHFRQGVWDJHDWHPSHUDWXUHRI DERXW.KDVEHHQDFKLHYHG:LWK:DQGP:
KHDWORDGWKHWHPSHUDWXUHLV.DWWKHILUVWVWDJHDQG.DWWKHVHFRQGVWDJHZLWKDQLQSXWSRZHURIDERXWN:$QG
DOVR LW LV IRXQG WKDW WKH WHPSHUDWXUH RVFLOODWLRQ GHFUHDVHV DV WKH DYHUDJH WHPSHUDWXUH GHFUHDVHV$ WHPSHUDWXUH RVFLOODWLRQ RI
DERXWP.KDVEHHQDFKLHYHG7KHREMHFWRIWKHSURMHFWWDUJHWVSHFLILFDWLRQDQGDVXPPDU\RIH[SHULPHQWUHVXOWVZLOODOVREH
LQWURGXFHGLQWKLVSDSHU
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&(&,&0&
.H\ZRUGV6LPXODWLRQ5HJHQHUDWRU7HPSHUDWXUH2VFLOODWLRQ*LIIRUG0F0DKRQFU\RFRROHU&U\RFRROHU
1. Introduction 
6LQFHWKHHIILFLHQF\RID.*0FU\RFRROHUKDVEHHQFRQWLQXRXVO\LPSURYHGE\RSWLPL]LQJWKHRSHUDWLRQ
SDUDPHWHUVE\.XUL\DPDHWDODQGYDOYHWLPLQJE\/LHWDOHWFRecently, the efficiency of 4K GM 
cryocoolers has been further improved by about 30% by Xu and Morie et al. (2012).  
 



&RUUHVSRQGLQJDXWKRU0LQJ\DR;X7HOID[
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 %DFNJURXQG
.*0FU\RFRROHUVPDQXIDFWXUHGE\6XPLWRPR+HDY\,QGXVWULHV/WG6+,KDYHEHHQZLGHO\XVHGIRUFRROLQJ
VXSHUFRQGXFWLQJPDJQHW LQYDULRXVDSSOLFDWLRQVDQGUHVHDUFKSURMHFWV VXFKDVDQ05,V\VWHP)RU WKHVHV\VWHPV
WKHUHTXLUHPHQW WRKDYHDFRPSDFW VL]HFU\RFRROHU LVQRWFULWLFDOEHFDXVH WKHVL]HRI WKHPDJQHWLWVHOIJHQHUDOO\ LV
TXLWH ODUJH 2Q FRQWUDVW IRU D VXSHUFRQGXFWLQJ HOHFWURQLF GHYLFH VXFK D UHTXLUHPHQW EHFRPHV FUXFLDO ,QGHHG
FRPSDULQJ ZLWK D VLPLODU VHPLFRQGXFWRU GHYLFH WKH VL]H RI D VXSHUFRQGXFWLQJ HOHFWURQLF GHYLFH LQFOXGLQJ WKH
FU\RVWDWLVFRPSDUDEO\ODUJH$JRRGH[DPSOHRIVXSHUFRQGXFWLQJHOHFWURQLFGHYLFHVLV663'ZKLFKLVQRZXQGHU
GHYHORSPHQWDW1DWLRQDO,QVWLWXWHRI,QIRUPDWLRQDQG&RPPXQLFDWLRQV7HFKQRORJ\-DSDQ0LNLHWDO
&RPSDUHGZLWKDVHPLFRQGXFWRUGHWHFWRUWKHVL]HRIDQ663'V\VWHPDQGWKHLQSXWSRZHUFRQVXPSWLRQDUHWRR
ODUJHZKLFKDUHWKHPDMRUREVWDFOHVWRH[SDQGWKHDSSOLFDWLRQRID663'
,QRUGHUWRSURYLGHDFRROLQJVROXWLRQZKLFKFDQPHHWWKHQHZGHPDQGE\VXFKDSSOLFDWLRQVZHKDYHGHYHORSHGD
QHZ FRPSDFW .*0 FU\RFRROHU V\VWHPZKLFK FDQ UHDFK . XQGHU QRORDG FRQGLWLRQ DQG \HW EHLQJ KLJKO\
FRPSDFW LQSK\VLFDO VL]H7KLVGHYHORSPHQWZDVFDUULHGRXWDVDSDUWRI WKHSURMHFW ³'HYHORSPHQWRID&RPSDFW
6XSHUFRQGXFWLQJ6LQJOH3KRWRQ'HWHFWRU6\VWHPIRU3KRWRQ4XDQWXP,QIRUPDWLRQDQG&RPPXQLFDWLRQ´
7KHVLPXODWLRQPHWKRGWKHDSSURDFKHVDQGWKHUHVXOWVRILPSURYHGXQLWSHUIRUPDQFHDQGWKHOHQJWKUHGXFWLRQRI
WKHF\OLQGHUZLOOEHUHSRUWHGLQWKLVSDSHU
 'HVLJQ7DUJHW
:HFKRVHD5'.'DVRXUGHYHORSPHQWEDVHVLQFHLWKDVEHHQWKHVPDOOHVW.*0FU\RFRROHULQWKHZRUOG
7KXV WKLVFU\RFRROHUZRXOGEHDJRRGVWDUWSRLQW IRU IXUWKHULPSURYHPHQW7KHEDVLFVSHFLILFDWLRQRI5'.'
DQGGHVLJQWDUJHWIRUWKHQHZ.*0FU\RFRROHULVVKRZQLQ7DEOHEHORZ
7DEOH'HVLJQWDUJHWRIWKHQHZ.*0FU\RFRROHU
,WHP 5'.' 'HYHORSPHQW2EMHFW
)LUVWVWDJHFRROLQJFDSDFLW\DW. : :
6HFRQGVWDJHFRROLQJFDSDFLW\DW. 8QUHDFKDEOH P:
1RORDGVHFRQGVWDJHWHPSHUDWXUH 2YHU. .
([SDQGHUKHLJKW PP RI5'.'
7HPSHUDWXUHRVFLOODWLRQ 2YHUP. P.

&RQVLGHULQJ WKH WDUJHWHG FRROLQJ DSSOLFDWLRQZH VHW WKH GHVLJQ WHPSHUDWXUH WDUJHWV RI WKH ILUVW DQG WKH VHFRQG
VWDJHV XQGHU  : DQG  P: RI WKH WKHUPDO ORDG WR EH  . DQG  . UHVSHFWLYHO\ ,W LV NQRZQ WKDW WKH
PHDVXUHPHQWDFFXUDF\RIDQ663'LQFUHDVHVJUHDWO\DVWKHWHPSHUDWXUHGHFUHDVHV7KHUHIRUHWKHWDUJHWRIQRORDG
WHPSHUDWXUHLVVHWWR.2QWKHRWKHUKDQGVLQFHWKHKHDWORDGWRWKHVHFRQGVWDJHLV UHGXFHGVLJQLILFDQWO\WKH
FRROLQJFDSDFLW\RIP:DW.VHHPVWREHODUJHHQRXJKIRUVXFKGHYLFHV%RWKWKHQRORDGWHPSHUDWXUHDQG
WKHFRROLQJFDSDFLW\DW.DUHGLIILFXOWWRDFKLHYHVLQFHWKHODPGDSRLQWRIKHOLXPLVDURXQG.DW03D
7KHODWWHULVWKHHVWLPDWHGORZSUHVVXUHDWWKHVHFRQGVWDJHH[SDQVLRQVSDFH
7KH WHPSHUDWXUH RVFLOODWLRQ LV GHVLJQHG WR EH XQGHU P.7KHPRVW FKDOOHQJLQJ REMHFWLYH LV WR UHGXFH WKH
H[SDQGHU KHLJKW WR  UHODWLYH WR WKH H[LVWLQJ 5'.' *0 FU\RFRROHU 7KH GHWDLOV RQ WKH DSSURDFKHV IRU
UHGXFLQJWKHH[SDQGHUKHLJKWZLOOEHGHVFULEHGLQWKHF\OLQGHUOHQJWKUHGXFWLRQVHFWLRQ
2. Simulation 
 6LPXODWLRQPHWKRG
:HUHSRUWHGDVLPXODWLRQPHWKRGDQGFRQILUPHGWKHDFFXUDF\RIWKHVLPXODWLRQUHVXOWVE\FRPSDULQJWKHPZLWK
WKHUHVXOWVREWDLQHGIRUD:.*0FU\RFRROHU7KHVLPXODWLRQPHWKRGKDVEHHQYHULILHGWREHDQHIIHFWLYHZD\WR
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LPSURYHWKHHIILFLHQF\RID.*0FU\RFRROHU,QWKHVLPXODWLRQPRGHODWZRVWDJH*0FU\RFRROHULVGLYLGHGLQWR
PDQ\HOHPHQWVDQGWKHVWDWHLQHDFKHOHPHQWFDQEHFDOFXODWHGE\VROYLQJWKHEDVLFHTXDWLRQV;XHWDO
 6LPXODWLRQFRQGLWLRQV
,QRUGHUWRFRQILUPWKHDFFXUDF\RIWKHVLPXODWLRQPHWKRGIRUDVPDOOVL]H*0FU\RFRROHUVLPXODWLRQVKDYHEHHQ
SHUIRUPHGXVLQJWKHSDUDPHWHUVRIDQ6+,:.WZRVWDJH*0FU\RFRROHU5'.')RUW\SLFDOFDOFXODWLRQV
WKHFROGKHDGLVRSHUDWHGDW+]WKHKLJKDQGORZSUHVVXUHVDWWKHLQOHWRIWKHURWDU\YDOYHDUH03DDQG
03DUHVSHFWLYHO\
7KH LQQHUGLDPHWHUVRI WKH ILUVW DQGVHFRQGVWDJHF\OLQGHUDUHPPDQGPPUHVSHFWLYHO\7KH ILUVW VWDJH
UHJHQHUDWRU LV ILOOHGZLWK SKRVSKRURXV EURQ]H VFUHHQV7KH VHFRQG VWDJH UHJHQHUDWRU LV ILOOHGZLWK OHDGDQG
+R&XVSKHUHV7KHSRURVLW\RIWKHVHFRQGVWDJHUHJHQHUDWRULVDVVXPHGWREHIRUDOOFDOFXODWLRQV7KHDYHUDJH
VSKHUHGLDPHWHULVPPIRUOHDGDQGPPIRU+R&X
 6LPXODWLRQUHVXOWV
7DEOH  VKRZV VLPXODWLRQ UHVXOWV RI WKH39SRZHU WKH FRROLQJ FDSDFLW\ DQG WKH ORVVHV 7KH WHPSHUDWXUHVDUH
DVVXPHGWREH.DWWKHILUVWVWDJHDQG.DWWKHVHFRQGVWDJH7KHFRPSUHVVRULVRSHUDWHGDW+]DQGWKHFROG
KHDGLVRSHUDWHGDW+]$VVKRZQLQ7DEOHWKH39SRZHULV:DWWKHILUVWVWDJHDQG:DWWKHVHFRQG
VWDJH 7KH FRROLQJ FDSDFLW\ DIWHU FRQVLGHULQJ UHDO JDV HIIHFW LV  : DQG  : UHVSHFWLYHO\ 7KH FRROLQJ
FDSDFLW\ DIWHU FRQVLGHULQJ UHDO JDV HIIHFW DW WKH VHFRQG VWDJH LV PXFK ORZHU WKDQ WKH 39 SRZHU EHFDXVH WKH
SURSHUWLHVRIKHOLXPDWWKHVHFRQGVWDJHWHPSHUDWXUHDUHVLJQLILFDQWO\GLIIHUHQWIURPWKRVHRIDQLGHDOJDV;XHWDO
$ODUJHDPRXQWRIH[WUDHQWKDOS\IORZHQWHUVLQWRWKHVHFRQGVWDJHH[SDQVLRQYROXPHIURPWKHVHFRQGVWDJH
UHJHQHUDWRUZKLFKUHGXFHVWKHFRROLQJFDSDFLW\VLJQLILFDQWO\;XHWDOThe regenerator loss is 3.5 W at the 
first stage and 0.24 W at the second stage. The Shuttle losses are 1.8 W and 0.06 W, respectively. The enthalpy flux 
from the clearance between the cylinder and the displacer, which includes the pumping loss and thermal conduction 
loss, is 3.2 W and 0.20 W. The radiation loss is 1.5 W at the first stage and negligible at the second stage. As a result, 
the net cooling capacity is 7.1 W at the first stage and 0.06 W at the second stage.  
It is obvious that for both stages, the largest loss is due to the regenerator losses. In addition, it should be pointed 
out that, unlike a large-size GM cryocooler, the thermal conduction loss and the radiation loss are relatively large 
and should be reduced in order to further improve the cooling capacity.  
The average cooling capacity, measured with two RDK-101D GM cryocoolers, is 3.0 W at 45 K at the first stage 
and 0.14 W at 4.2 K at the second stage. Although there is still some differential between the simulation and 
experimental results, the simulation results accuracy is good enough for parameters and configuration optimization. 
7DEOH6LPXODWLRQUHVXOWVRIFRROLQJFDSDFLW\DQGORVVHVRIDVPDOOVL]H.*0FU\RFRROHU
,WHP )LUVWVWDJHDW.: 6HFRQGVWDJHDW.:
39SRZHU  
&RROLQJFDSDFLW\DIWHUFRQVLGHULQJUHDOJDVHIIHFW  
5HJHQHUDWRUORVV  
6KXWWOHORVV  
3XPSLQJORVV	WKHUPDOFRQGXFWLRQORVVWKURXJKZDOOV  
5DGLDWLRQORVV  
1HWFRROLQJFDSDFLW\  
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
)LJ6FKHPDWLFGLDJUDPVRIDWZRVWDJH*0FU\RFRROHU
3. Experiment results 
 3HUIRUPDQFHLPSURYHPHQW
)LJVKRZVVFKHPDWLFGLDJUDPVRIDW\SLFDOWZRVWDJH*0FU\RFRROHU$VVKRZQLQ)LJPRVWRIWKHH[SDQGHU
KHLJKWLVGRPLQDWHGE\WKHILUVWDQGWKHVHFRQGVWDJHUHJHQHUDWRUV,QRUGHUWRUHDFKWKHKHLJKWUHGXFWLRQWDUJHWWKH
OHQJWKRIWKHUHJHQHUDWRUVPXVWEHUHGXFHG+RZHYHULIWKHUHJHQHUDWRUOHQJWKLVVKRUWHQHGWKHUHJHQHUDWRUORVVZLOO
LQFUHDVH$FFRUGLQJO\ WKHQHW FRROLQJ FDSDFLW\ ZLOO GHFUHDVH$W WKH EHJLQQLQJ RI WKH GHYHORSPHQW ELVPXWKZDV
VXSSRVHG WR EH XVHG DV D UHJHQHUDWRU PDWHULDO DW WKH ZDUPHQG RI WKH VHFRQG VWDJH UHJHQHUDWRU LQ RUGHU WR EH
FRPSOLHGZLWK5R+VUHJXODWLRQ6KRUWO\DIWHUWKHSURMHFWZDVODXQFKHGRIIDQHZUHJHQHUDWRUPDWHULDOZKLFKFDQEH
XVHGDWWKHZDUPHQGRIWKHVHFRQGVWDJHUHJHQHUDWRUKDVEHHQIRXQG7KHQRORDGWHPSHUDWXUHVRIDSURWRW\SHXQLW
ZLWKWKLVQHZPDWHULDODQGWKRVHZLWKELVPXWKDUHVKRZQLQ7DEOH$VVKRZQLQ7DEOHZLWKELVPXWKWKHQRORDG
WHPSHUDWXUH LV  . DW WKH ILUVW VWDJH DQG  . DW WKH VHFRQG VWDJH :LWK WKH QHZ PDWHULDO WKH QRORDG
WHPSHUDWXUH LV  . DW WKH ILUVW VWDJH DQG  . DW WKH VHFRQG VWDJH :LWK WKH QHZ PDWHULDO WKH QRORDG
WHPSHUDWXUHGHFUHDVHV DERXW .DW WKH ILUVW VWDJH DQG DERXW . DW WKH VHFRQG VWDJH7KH UHDVRQ RI VXFK D
SHUIRUPDQFHLPSURYHPHQWLVWKDWWKHWHPSHUDWXUHSURILOHRIWKHUHJHQHUDWRUZDVVKLIWHGWRDKLJKWHPSHUDWXUHOHYHO
ZKHQWKHQHZUHJHQHUDWRUPDWHULDOZDVXVHG$FFRUGLQJO\WKHDYHUDJHWHPSHUDWXUHLQWKHVHFRQGVWDJHUHJHQHUDWRU
LQFUHDVHGDQGDVPDOOHUDPRXQWRIJDVZDVQHHGHGWRILOOWKHYRLGYROXPHRIWKHVHFRQGVWDJHUHJHQHUDWRU;XHWDO

7DEOH1RORDGWHPSHUDWXUHVZLWKUHVSHFWWRWKHW\SHRIUHJHQHUDWRUPDWHULDODWWKHZDUPHQGRI
WKHVHFRQGVWDJHUHJHQHUDWRU
5HJHQHUDWRUPDWHULDO )LUVWVWDJHWHPSHUDWXUH. 6HFRQGVWDJHWHPSHUDWXUH.
%LVPXWK  
1HZPDWHULDO  

$VWRWKHFROGHQGRIWKHVHFRQGVWDJHUHJHQHUDWRUSDUWRI+R&XLVUHSODFHGE\*G26*261XPD]DZDHWDO
:LWK*26DWWKHFROGHQGWKHQRORDGWHPSHUDWXUHUHGXFHVE\DERXW.
 &\OLQGHUOHQJWKUHGXFWLRQ
,QRUGHUWRUHGXFHWKHH[SDQGHUKHLJKWWRUHODWLYHWRWKHH[LVWLQJ5'.'*0FU\RFRROHUDVHULHVRI
IXQGDPHQWDOUHVHDUFKZDVSHUIRUPHG
7KHVLPXODWLRQPHWKRGDVGHVFULEHGDERYHZDVXVHGWRRSWLPL]HWKHYROXPHUDWLRRIWKHUHJHQHUDWRUPDWHULDOVWR
UHGXFHWKHUHJHQHUDWRUORVV7KHOHQJWKRIWKHILUVWDQGWKHVHFRQGVWDJHKHDWH[FKDQJHUVDQGWKHUHJHQHUDWRUVZHUH
DOVRRSWLPL]HGZLWKWKHVLPXODWLRQPHWKRG
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$GGLWLRQDOO\ WKHVHDOFRQILJXUDWLRQDW WKHZDUPHQGRI WKH ILUVW VWDJHGLVSODFHUZDVRSWLPL]HGWRPLQLPL]HWKH
OHQJWK DW WKH ZDUPHQG $OVR D QRYHO FRQILJXUDWLRQ FRQQHFWLQJ WKH ILUVW DQG WKH VHFRQG GLVSODFHUV KDV EHHQ
GHYHORSHGWRPLQLPL]HWKHOHQJWKRIWKHFRQQHFWLQJVHFWLRQ
7KHOHQJWKUHGXFWLRQRIPDMRUFRPSRQHQWVDQGWKHWRWDOOHQJWKUHGXFWLRQRIWKHF\OLQGHUDUHVKRZQLQ7DEOH$V
VKRZQLQ7DEOHE\RSWLPL]LQJWKHVHDOFRQILJXUDWLRQDWWKHZDUPHQGRIWKHILUVWVWDJHDQGWKHVWURNHWKHF\OLQGHU
OHQJWKLVUHGXFHGE\DERXWPP%\RSWLPL]LQJWKHOHQJWKRIWKHILUVWUHJHQHUDWRUDQGWKHKHDWH[FKDQJHUZLWKWKH
VLPXODWLRQ PHWKRG WKH F\OLQGHU OHQJWK LV UHGXFHG E\ DERXW  PP DQG  PP UHVSHFWLYHO\ 7KH OHQJWK RI WKH
FRQQHFWLQJVHFWLRQEHWZHHQWKHILUVWGLVSODFHUDQGWKHVHFRQGGLVSODFHULVUHGXFHGE\DERXWPPZLWKWKHQRYHO
FRQQHFWLQJFRQILJXUDWLRQ$VWRWKHVHFRQGVWDJHDQHZUHJHQHUDWRUPDWHULDOLVDGRSWHG:LWKWKLVQHZUHJHQHUDWRU
PDWHULDO WKH WHPSHUDWXUH SURILOH RI WKH VHFRQG VWDJH UHJHQHUDWRU LV LPSURYHG$QG DOVR WKH YROXPH UDWLR RI WKH
UHJHQHUDWRUPDWHULDOV LVRSWLPL]HG$FFRUGLQJO\ WKHFRROLQJ SHUIRUPDQFHRI WKHVHFRQGVWDJHLVLPSURYHGDQG WKH
OHQJWKRIWKHVHFRQGVWDJHFDQEHUHGXFHGZLWKRXWSHUIRUPDQFHGHJUDGDWLRQ$VDUHVXOWWKHOHQJWKRIWKHF\OLQGHULV
UHGXFHGE\DERXWPP)XUWKHUPRUHE\RSWLPL]LQJWKHOHQJWKRIWKHKHDWH[FKDQJHUDWWKHFROGHQGRIWKHVHFRQG
VWDJHDQGWKHIORZSDVVDJHDWWKHFROGHQGWKHOHQJWKRIWKHF\OLQGHULVUHGXFHGE\DERXWPP
7DEOH/HQJWKUHGXFWLRQRIPDMRUFRPSRQHQWVRIWKHF\OLQGHU
,WHP /HQJWK5HGXFWLRQ $SSURDFK
)LUVWVWDJHZDUPHQG PP 'HVLJQRSWLPL]DWLRQ
6WURNH PP 
2SWLPL]HGE\VLPXODWLRQ

)LUVWVWDJHUHJHQHUDWRU PP
)LUVWVWDJHKHDWH[FKDQJHU PP
&RQQHFWLQJVHFWLRQ PP 1HZFRQILJXUDWLRQ
6HFRQGVWDJHUHJHQHUDWRU PP 1HZUHJHQHUDWRUPDWHULDO
6HFRQGVWDJHKHDWH[FKDQJHU PP 2SWLPL]HGE\VLPXODWLRQ
7RWDO PP 
 &RROLQJSHUIRUPDQFHRIDSURWRW\SHXQLW
7KHSHUIRUPDQFHRIDSURWRW\SHXQLWRIWKHQHZO\GHYHORSHG.*0FU\RFRROHULVVKRZQLQ7DEOH$VVKRZQLQ
7DEOHDFRROLQJFDSDFLW\RI:#.KDVEHHQDFKLHYHGDWWKHILUVWVWDJH7KDWVKRXOGEHFRPSDUHGWRWKH
JRDOZKLFKZDV VHW DW :#.$W WKH VHFRQG VWDJH FRPSDUHG WR WKH JRDO RI P:#.D FRROLQJ
FDSDFLW\RIP:#.KDVEHHQDFKLHYHG:LWK:DQGP:KHDWORDGWKHLQSXWSRZHULVDERXWN:
8QGHU QRORDG FRQGLWLRQ D ORZ WHPSHUDWXUH RI . DQG D WHPSHUDWXUH RVFLOODWLRQ RI DERXW P.KDYH EHHQ
DFKLHYHG)RUPRUHGHWDLOVRQWKHFRROGRZQFXUYHVWKHFRROLQJORDGPDSDQGWKHWHPSHUDWXUHRVFLOODWLRQUHIHUWR
DQRWKHUSDSHUZKLFKZLOOEHSUHVHQWHGDWWKLVFRQIHUHQFHE\%DRHWDO
7DEOH0HDVXUHGUHVXOWVIRUDFRPSDFW.*0FU\RFRROHU
,WHP 'HYHORSPHQW2EMHFW 0HDVXUHG5HVXOWV
)LUVWVWDJHWHPSHUDWXUHZLWK: . .
6HFRQGVWDJHWHPSHUDWXUHZLWKP: . .
1RORDGVHFRQGVWDJHWHPSHUDWXUH . .
([SDQGHUKHLJKW RI5'.' RI5'.'
7HPSHUDWXUHRVFLOODWLRQ P. P.
)LJVKRZV WKHF\OLQGHURIDSURWRW\SHXQLWFRPSDUHGZLWK WKDWRID5'.'*0FU\RFRROHU$VVKRZQLQ
)LJ  FRPSDUHG WR WKHZRUOG VPDOOHVW .*0 FU\RFRROHU5'.' WKH F\OLQGHU OHQJWKKDV EHHQ UHGXFHG E\
DERXWPP
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
)LJ&\OLQGHUVRIDSURWRW\SHXQLWRIWKHQHZ.*0FU\RFRROHUDQGD5'.'*0FU\RFRROHU
4. Conclusion 
$QHZFRPSDFW*0FU\RFRROHUKDVEHHQGHYHORSHGZKLFKFDQEHXVHG IRUFRROLQJ VXSHUFRQGXFWLQJHOHFWURQLF
GHYLFHV7KHF\OLQGHUOHQJWKLVUHGXFHGE\PPFRPSDUHGZLWKFRPPHUFLDOO\DYDLODEOH:.*0FU\RFRROHU
8QGHU QRORDG FRQGLWLRQ D ORZ WHPSHUDWXUH RI  . DQG D WHPSHUDWXUH RVFLOODWLRQ RI DERXW P. KDV EHHQ
DFKLHYHG$FRROLQJFDSDFLW\RI:DW.DWWKHILUVWVWDJHDQGP:DW.DWWKHVHFRQGVWDJHKDVDOVR
EHHQDFKLHYHG
,QRUGHUWRUHDFKWKHH[SDQGHUKHLJKWUHGXFWLRQWDUJHWWKHKHLJKWRIWKHYDOYHKRXVLQJDVVHPEO\ZLOOEHUHGXFHG
WRJHWKHUZLWKIXUWKHUF\OLQGHUOHQJWKUHGXFWLRQ
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